The antibacterial effect of silver on knitted and nonwoven structures has been investigated. Three types of interlocked knitted fabrics (100% polyester, 100% viscose and 50%/50% polyester/viscose) were scoured and treated with silver ions by pad-dry-cure method. A nonwoven fabric (100% bleached cotton) was also treated with silver ions by using a spray technique. Physical and tensile properties of the treated fabrics were analyzed and compared with those of corresponding untreated ones. Results indicate that scouring process and antimicrobial treatment influenced the physical properties and antimicrobial effectiveness of the fabrics. An increase in tensile strength of 100% polyester and 100% viscose is observed after the antimicrobial treatment. The absorbency of all the treated knitted fabrics is decreased but it is substantially increased in the case of nonwoven fabrics. Antimicrobial activity of the treated fabrics was tested against Gram-positive bacterium Staphylococcus aureus. The results show that the treated nonwoven and blended (50%/50% polyester/viscose) knitted fabrics registered highest antimicrobial effect.
INTRODUCTION
Antimicrobial treatment of textiles and allied products plays a crucial role in preventing crossinfection and maintaining hygiene by eradicating pathogenic microorganisms. It is generally accepted that the textile materials generate suitable environment for microbial growth especially when the basic requirements such as moisture, nutrients and temperature are present. Natural fibers such as cotton, wool and silk are vulnerable to microbial attack due to their high hydrophilicity and the fact that they provide nourishment such as carbohydrates, and proteins. On the other hand, because of their high hydrophobicity, synthetic fibers are more robust against microbial attacks. Stains, odor, contamination, discoloration and decrease in fabric mechanical strength are some of the unpleasant consequences that may occur on textile materials if microbial growth cannot be inhibited [1, 2] .
In order to manufacture hygiene textiles such as clean room materials, surgical gowns, uniforms, masks, bandages, sportswear and domestic clothes, it is vital that such materials have the capability of arresting the growth of pathogenic bacteria. There are several methods to imbue antimicrobial finishes into textile materials. Some of the most commonly used methods are: exhaust method [2] , pad-dry-cure process [3] , spraying and foam finishing [4] , polymerization grafting [5] , micro-encapsulation [6] and sol-gel coating [7] . In case of synthetic fibers, antimicrobial agents are mostly embedded into the polymer during extrusion [8] . Descriptions of novel techniques that involve the incorporation of antimicrobial nanoparticles into the fibers and fabric structures such as radio frequency (RF) plasma [9] , corona discharge [10] , microwave treatments [11] , vacuum UV mediated deposition [12] , sonochemical coating [13] and magnetron sputtering [14] have been published elsewhere. However, these techniques suffer from many disadvantages that include: a) limitations on large scale production in industry; b) reduction in durability of antimicrobial effect upon repeated washings; c) reduction in tensile properties and softness; d) requirement of a large amount of nanoparticles on fabric surface to deliver the effect; and e) susceptibility to change the color in dyed fabrics.
Antimicrobial agents are mainly divided into two categories according to their mode of action: inhibition of the growth of the microorganisms (bacteriostatic) and complete destruction of microbes http://www.jeffjournal.org Volume 11, Issue 1 -2016 (bactericidal). Metals and metal salts (copper, zinc, tin, silver ions), chlorine derivatives of phenols, quaternary ammonium compounds, triclosan (2,4,4'-trichloro-2'-hydroxydiphenyl ether), polyhexamethylenebiguanides, chitosan (poly-(b-1/4)-2-amino-2-deoxy-D-glucopyranose) and chlorine containing N-halamine compounds are mostly bactericidal agents and are widely used for antimicrobial treatments on various textile materials [2, 15] . There are also natural biopolymers such as chitosan and plant extracts which are used to impart antimicrobial effect to fabrics. However, several major challenges have been reported in the use of biopolymers, for instance, extraction of biopolymers, isolation of the bioactive compounds, application techniques and achieving the durability of the effect on repeated use [16] .
Silver ions have long been used in biomedical field due to their dynamic inhibitory and bactericidal effects against a broad spectrum of Gram-positive and Gram-negative bacteria and superbugs [17] . The mode of action of silver on various pathogens is complicated and is not fully understood. Feng et.al. [18] have reported that the silver ions penetrate into the cell wall of the microorganism, turn the DNA into a condensed form and react with the thiol groups of the proteins, which lead to the damage and further the death of the bacterium. Silver nanoparticles (AgNPs) are also considered as potential antimicrobial agents to impart antimicrobial effect to textile substrates. AgNPs possess a large surface area and therefore they deliver high antimicrobial activity than that of normal silver. However, the indiscriminate use of AgNPs (silver toxicity) posed problems to human health and creates environmental pollution [19] .
In this paper the antibacterial effect of knitted and nonwoven fabrics made from polyester, cotton and viscose was discussed. These fibers are selected because of their increasing applications in medical non-implantable textile materials, healthcare/hygiene products, apparel, and home furnishings. The paper also describes the changes in physical properties of knitted and nonwoven fabrics before and after scouring process and antimicrobial treatment (with silver ions). The antibacterial effectiveness of the fabrics against Staphylococcus aureus (ATCC 6538) before and after antimicrobial treatments also critically discussed.
MATERIALS AND METHODS
Three interlock knitted fabrics that consist of 100% Polyester (PES), 100% Viscose (VIS), 50%/50% Polyester/Viscose (PES/VIS) and a nonwoven fabric made from 100% bleached cotton were used. Knitted fabrics were produced by using a circular knitting machine (Monarch) and nonwoven fabric was manufactured by using a laboratory type needle punching nonwoven pilot unit (Automatex). UltraFresh Silpure FBR-5, which is a two-component system containing silver chloride and polyvinyl chloride (PVC), was used for the antimicrobial treatment. This agent is suitable for textile finishing applications and the effectiveness depends on controlled release of silver ions.
Scouring Process
Scouring process was carried out by washing knitted fabrics with non-ionic detergent, containing 1g/l tetra sodium pyro-phosphate and 1g/l letenol B (non-ionic wetting agent), at 50°C for 30 minutes in the washing machine.
Antimicrobial Treatment of Knitted Fabrics
The knitted fabrics were finished with 2.5% (w/w) Ultra-Fresh Silpure FBR-5 (mixing ratio of 8% silver chloride and 92% PVC) by a pad-dry-cure method. The concentration of the padding bath depended on the fabric pick up (%). A laboratory pad-dry-cure machine was utilized. In the pad bath, a total of 200ml Ultra-Fresh solution was prepared for each fabric. Table I shows the processing parameters of antimicrobial treatments of knitted fabrics. 
Antimicrobial Treatment of Nonwoven Fabric
For this application, 200ml solution of Ultra-Fresh Silpure FBR-5 was prepared and then applied to the 100% bleached cotton nonwoven fabric (40x40 cm) by using spray a technique to make sure that 2.5% (w/w) of antibacterial agent is present on the fabric. The solution concentration (1.2g/200 ml) was dependent on the fabric pick up, which was 453 percent. The fabric samples were then dried in a laboratory type thermo-damper (Automatex) at 110⁰C for 4 seconds.
Fabric Thickness Test
The thickness of the knitted fabrics was determined by using an R&B cloth thickness tester before and after the scouring process and antimicrobial treatment. Samples (10 x10 cm) were prepared from each fabric and 5g/cm 2 pressure was applied in three different areas on the sample until the indicator light illuminated on R&B testing equipment. The sample http://www.jeffjournal.org Volume 11, Issue 1 -2016 thickness was recorded by reading a Vernier scale consisting of mm units. The thickness of each fabric was measured six times and the average thickness was calculated.
Untreated and treated nonwoven fabrics were also tested in a Shirley's gauge thickness test machine. Samples (10 x10 cm) were cut from several places of the fabrics and the thickness (mm) of these materials was determined by applying 250 g pressure to 50 cm 2 areas on each sample.
Area and Bulk Densities
These tests were carried out in accordance with the British Standard test method (BS EN 12127:1998). Previously, fabric samples (10 x 10 cm) were conditioned in standard atmosphere (20±2⁰C and 65±2% relative humidity) and then weighed in precision balance machine (Kern ACS 220). The area and bulk densities were calculated from the average mass of each fabric using Eq. (1):
Tensile Strength and Elongation
The tensile strength test was conducted according to the British Standard, BS 2576. An Instron extra model 4 series machine was used to carry out this test. Three samples from each nonwoven and knitted fabric were cut in both machine and width direction by using a template measuring 50 mm x 200 mm. Following that, each sample was placed between the clamps of the test machine. The crosshead speed of the machine was approximately 10 mm/min and the gauge length was 200 mm. The testing machine was set in motion until the sample broke. Average breaking load and the breaking extension of each sample were recorded.
Absorbency Test
British Pharmacopoeia Method [20] , which has been developed for testing the absorbency of textiles used in medicine especially wound dressings, was used. The absorbency was measured by immersing a 5 cm x 5 cm sample in a Petri dish. A volume of preheated (37°C) solution (142 mmol of sodium ions, NaCl and 2.5 mmol of calcium ions, CaCl 2 ) equivalent to 40 times the mass of sample was added and allowed to stand for 30 minutes at 37°C in an incubator. Using a forceps, the specimen was suspended by one corner for 30 seconds and weighed. The difference in mass before and after the test is the amount of water absorbed and retained (g/g) by the specimen. The related equation is shown below:
Where A is initial weight and B is final weight.
Evaluation of Antimicrobial Effectiveness
The antimicrobial effectiveness of the treated and untreated nonwoven and knitted fabric samples was evaluated against Gram-positive Staphylococcus aureus (ATCC 6538, AATCC 100). Fabric samples were cut into small pieces (2x2 cm) and sterilized. Phosphate buffer saline (PBS -pH 7.2, 900 ml) was prepared in order to create an adequate level of proper bacterial suspension. It was decided to replicate each treatment three times, so nine pieces of each sample were placed into sterile Petri dishes and of 50μl of the bacterial suspension injected onto each fabric sample in each Petri dish. The time of the first injection was time zero (T 0 ). The Petri dishes were kept in incubation, at 22°±3°C and 50±5% RH, in a half covered position for 4 hours (T 4 ) and then 24 hours (T 24 ). After the incubation intervals, the samples were put into the individual tubes that contained 10ml of sterile PBS and shaken on a vortex mixer. After 15 seconds, 0.5ml was withdrew from the tube using a 0.5-5ml pipette and sterile tip added to sterile Petri dish and the solution spread over the surface of the plate using a technique known as 'lawning'. The plate was then incubated at 37°C for 24 hours. Eventually, bacterial growth was observed and the colonies were counted in each plate [21] . Figure 1 exhibits the thickness of knitted and nonwoven fabric samples before and after the scouring process and antimicrobial treatments. It was observed that, except for the 50%/50% PES/VIS blend and 100% VIS knitted fabrics, the fabric thickness of the samples increased noticeably after the scouring and antimicrobial treatments. Generally, increase in fabric thicknesses is associated with the swelling of fibers which occurs when they come in contact with water [22] . However, in the case of 100% VIS knitted samples, there was a gradual decrease in fabric thickness after the scouring and antimicrobial treatment. It was noticed that the level of decrease was greater, when compared to scouring, after the antimicrobial treatment. This may be due to the high pressure applied on the fabric by the rollers during pad-dry cure process. In the case of nonwoven samples, the fabric weight and thickness of the treated samples increased due to the addition of antibacterial agent and swelling of cotton respectively. The results show that area and bulk densities of 100% PES knitted fabric increased moderately after scouring and antimicrobial treatment (Table II) . This is a direct result of the PVC layer applied to the polyester during the finishing process. This layer raised the average mass of the fabric samples as well as thicknesses slightly. On the other hand, area density of 100% VIS fabric decreased noticeably after the scouring process but grew after antimicrobial treatment. This could be due to the lubricating oil added to viscose yarns before knitting. During the scouring process, the lubricating oil was removed from the fabric, contributing to the decrease in fabric weight and thickness. The increase in area density of 100% VIS fabric after the antimicrobial treatment is due to the decrease in fabric thickness and the increase in the average mass of the fabric. During the antimicrobial treatment, the force applied to the fabric during the pad-dry-cure process caused the fabric surface to become thinner. Moreover, the addition of PVC (part of Ultra-Fresh Antimicrobial Agent) increased the average mass of the fabric. The area density and the thickness of blend fabric (50%/50% PES/VIS) were affected by the absorption properties of polyester and viscose fibers. A gradual increase in area density of the fabric is observed after scouring and antimicrobial treatment. Furthermore, bulk density decreases after scouring process due to the increase in fabric thickness. For nonwoven samples, there is no remarkable difference in bulk density between the treated and untreated fabrics. Figure 2 and Figure 3 show the tensile properties of treated and untreated nonwoven and knitted fabrics in machine and width directions. The tensile strength of fabrics is higher and the elongation is lower in the machine direction compared to the cross direction. This outcome is consistent with the results published elsewhere [23] . After the antimicrobial treatment, a noticeable increase in tensile and elastic properties is observed in the PES (100%) fabric. On the other hand, approximately 27% loss in elongation of VIS fabric is observed in the machine direction after the treatment, whole the tensile strength increased noticeably. Similar results are observed for PES/VIS (50%50%) knitted fabric. The increase in tensile properties of the fabrics after the treatment may be explained by the fact that the PVC (antimicrobial agent) acted as a bonding agent between fibers, and ultimately affecting the overall structure of the fabric.
RESULTS AND DISCUSSION

Effect of Scouring and Antimicrobial Treatment on the Thickness of Fabrics
Tensile Properties of Treated and Untreated Fabric Samples
Although techniques such as RF plasma, offer new opportunities for antimicrobial treatments to textiles, these techniques suffer from disadvantages. For instance, a decrease in tensile properties of RF treated fabrics is reported. The decrease is due to fiber etching during the RF process [T1]. In this study, pad-dry-cure technique was used for antimicrobial finishing of fabrics and the increase in tensile strength is mainly a result of antimicrobial finishing treatment. Untreated nonwoven fabric possessed the lowest tensile strength and elasticity of all the samples. This trend holds even after the antibacterial treatment. In the nonwoven manufacturing process, it is inherently difficult to produce a homogeneous fabric structure due to the randomized fiber spread on the web [24] This affects the fabric quality, absorbency, tensile and elongation properties. Figure 4 exhibits the average absorbency (%) of scoured, un-scoured and treated samples of nonwoven and knitted fabrics. Results indicate that the treated PES (100%) fabric possessed the lowest absorbency, while untreated VIS (100%) fabric is the most absorbent of the knitted fabrics. However, after the antibacterial treatment the absorbency is severely affected and downward trend was observed in all fabrics. It is obvious from Figure 4 that the absorbency of nonwoven fabric is several folds higher than that of the knitted fabrics. Fiber types, fiber surface morphology, capillary densities and size of capillaries influenced the absorbency of nonwoven fabrics.
Effect of Treatment on Absorbency
Nonwoven fabrics are loosely engineered and the structure of cotton makes it a highly absorbent fiber. The fibers within the structure create more spaces, capillaries and large surface areas. This facilitates the absorption of higher amounts of liquids [25] . As can be clearly seen from Figure 4 , all samples lost some absorbency after the antimicrobial treatment, although it increased following the scouring process. The presence of antimicrobial agent within the fabric structure created a sort of barrier between fibers and water, negatively affecting the absorbency. On the other hand, scouring enhanced the absorbency because the process removed waxes and impurities from the fibers. 
Evaluation of Antimicrobial Activity of Fabrics
Antimicrobial activity of the knitted and nonwoven fabrics was evaluated quantitatively against Grampositive bacterium Staphylococcus aureus, which easily proliferates on the body surface of the mammals and causes skin infections and respiratory disease [26] . The shake flask Standard test method was carried out to measure the reduction rate in the number of bacteria colonies. Three specific incubation time periods were chosen, injection time (T 0 ), after four (T 4 ) and twenty four (T 24 ) hours, to determine the effectiveness of the antimicrobial treatment. Figure 5 represents the changes in number of Staphylococcus aureus colonies in three Petri dishes of untreated and treated blend (50%/50% PES/VIS) knitted fabrics as well as nonwoven samples (100% cotton) at T 0 , T 4 and T 24 . Figure 5 suggests the number of bacteria present for both treated and untreated samples follow the trend T 0 > T 4 > T 24 . This is due to the velocity of released Ag + ions which determines the amount of antibacterial activity [27] The percentage values of microbial reduction of nonwoven and knitted fabrics loaded with silver ions are given in Figure 6 . It can be observed that the number of bacterial colonies between untreated and treated PES (100%) fabrics at (T 0 ) is almost nil and therefore no results of reduction rate for PES (100%) fabric is presented in Figure 6 . This may be due to the poor absorbency and wettability problem of PES (100%) fabric at T 0 . The treated polyester fabric showed approximately 78% reduction in number of colonies after 4 hours of incubation, but, after 24 hours the reduction rate is decreased to 76%. On the other hand, VIS (100%) fabric exhibited around 40% reduction during the test period, the lowest reduction rate of all samples. Treated blend (50%/50% PES/VIS) knitted fabric showed a reduction rate of 80% after 24 hours incubation. At (T 0 ) time, the reduction rate was recorded as 64%, so it was considered that after incubation intervals the treated sample showed considerably improved effectiveness. The treated nonwoven samples represented the best reduction results; 56% at (T 0 ), 91% at (T 4 ) and 97% at (T 24 ). The reason may be due to the high number of antibacterial silver reacted with the hydroxyl groups http://www.jeffjournal.org Volume 11, Issue 1 -2016 present in cotton. In addition the nonwoven, which contains a loose fibrous web structure, accommodated a higher number of antimicrobial agents per specific area of fabric, which facilitated a high bacterial inhibition. 
CONCLUSION
Antimicrobial silver ions were imbued into knitted and nonwoven fabrics by using pad-dry-cure and spraying methods. It is observed that physical properties and antimicrobial effectiveness of the fabrics are affected noticeably after the scouring process and antimicrobial treatment. Except for the 50%/50% PES/VIS blend and 100% VIS knitted fabrics, the fabric thickness of all other samples increased noticeably after scouring and antimicrobial treatments. Lubricating oil and PVC played a crucial role in changing the area and bulk densities of 100% VIS knitted fabric. For nonwoven samples, there is no remarkable difference in bulk density between the treated and untreated fabrics. A noticeable increase in tensile and elasticity is observed in PES (100%) fabric after the antimicrobial treatment. On the other hand, a loss in elongation of VIS (100%) fabric was recorded in the machine direction after the treatment while the tensile strength increased substantially. Similar results are also observed for PES/VIS (50%/50%) knitted fabric. Untreated nonwoven fabric possessed lowest tensile strength and elasticity; this trend holds after antibacterial treatment. Absorbency test results indicate that the treated PES (100%) fabric possessed the lowest absorbency, while untreated VIS (100%) fabric exhibited the highest absorbency among the knitted fabrics. However, after the antibacterial treatment, the absorbency of all fabrics decreases significantly.
The absorbency of the nonwoven fabric is substantially higher than that of other knitted fabrics before and after the antimicrobial treatment. Nonwoven and blend (50%/50% PES/VIS) knitted fabrics registered a high reduction rate of microbial growth.
